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Por additional 'information about serial numbers^ see 
' INSTRUMENTS COVERED BY MANUAL in Section I. ' 
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SAFETY SUMMARY 



/The following general safety precautions must be observed during all phases ot operation, service, 
and repair of this Instrument. Failure to comply with these precautions or with specific warnings 
elsewhere In this manual violates safety standards of design, manufacture, and Intended use of the 
Instrument. Hewlett-Packard Company assumes no liability for the customer's' failure to comply 
; with these requirements. ’ 

GROUND THE INSTRUMENT. 

Jo minimize shock hazard, the ‘ Instrument chassis and cabinet must be connected to an electrical 
ground The Instrument Is equipped with a three-conductor ac power cable. The power cable , 
must either be plugged Into an approved three-contact electrical outlet or used wltln s a three-contact 
to two-contact adapter with the grounding wire (green) lirmly connected to an electrical ' ground 
(safety ground) at the power outlet. The power jack and mating plug of the power cable meet 
International Electrotechnical Commission (lEC) safety standards. T 

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE. 

■ ' ■ ■ - ■ 

Do not operate the (Instrument in the presence of flammable gases of fumes! Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. ’ . 

KEEP AWAY FROM LIVE CIRCUITS. •, < 

Operating personnel must not remove instrument covers. Component replacement and Internal 
adjustments must be made by’' qualified 'maintenance personnel. Do not replace components with 
power cable connected. Under certain conditions, dangerous voltages may exist even with the 
.power cable removed. To avoid injuries, always disconnect power and discharge circuits before 
touching them. , > n ' / : . / ' 

DO NOT SERVICE OR ADJUST ALONE. 

bo not attempt internal service or adjustment unless another person, capable of rendering first aid 
and resuscitation, is present. . , ' ’ , 

DO NOT SUBSTITUTE PARTS OR MODIFV INSTRUMENT. 

■{ ■ ' ' . 

■ . ' -t i. ■ 

Because Of thb danger of Introducing additional hazards, do not install substitute parts or perform 
any unauthorized ' modification to the instrument. Return the instrument to a Hewlett-Packard 
Sales and Service Office for service and repair to ensure that safety features are maintained. 

DANGEROUS PROCEDURE WARNINGS. 

Warnings, such as thd example below, precede potentially dangerous procedures throughout this 
manual. Instructions contained, in the warnings must be followed. . , 

WARNING I 

' . Dangerous voltages, capable of causing death; are present lii this Instrument. 

, Use extreme caution when handling, testing, and adjusting. . ^ 
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General Information 
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GENERAL INFORMATION 





1-1. INTRODUCTION. 1-6. INSTRUMENTS COVERED BY MAN- 

UAL. 

1*'J. This OpcratinK iind Service Manual contains 

information required to install, operate, test, adjust. l-7> Attached to the Instrument is a serial number 

and service the Hewlett-Packard Model 21 IB Square plate. The serial number is in the form: OOOOAOOOOO. 

, Wave Generator. Instrument identification, descrip- It is in two parts; the first four dibits andilhe letter are 

1 tion, options, accessories, specifications, and otljer the serial prefix and the last five dibits are the suffix, 

basic information are provided in this section. ( The prefix is the same for all identical instruments; 

I it changes ohly when a change is made to the instru- 

ment. The suffix however, is assigned sequentially 
1-2. Listed on the title page of this manual is 'a and is different for each instrument. The contents of 

Microfiche part number. This number cun be used to this manual apply, to instruments with the serial 

ordev •!' X 6-inch microfilm transpi’rencies of the number 'prefix(cs) listed under SBBIAL NUMBERS 

manual. Each microfiche contains up to 96;photo- on the title poge. i 
duplicates of the manual pages. The microfiche pack- ' ' 

age also includes the latest' Manual Changes supple- 1-8. An instrument manufactured after the printing 
•nent. i of this manual may have a serial number prefix that 

Is not listed on the , title page. This unlisted serial 
5 ' number prefix indicates the instrument is different 

1'“4, SPECIFICATIONS. from those described in this manual. The manual fnt' 

this newer instrument is accompanied by a yellow' 

' 1-5. Instrument specifications arc listed in table l-I. Manual Changes supplement, This supplement con- 

These specifications are the pcrformanccistnndards or tains "change information" that explains how to 

limits against which the instrument is tested. adapt the manual to the newer instrument. 



Table /-/. Spe<;ificati(ms 

rr— 

REPETITION RATE AND TRIGGERING 50-OHM SOURCE 

INTERNAL Pulse Shape: (measured at 5 V into 50 ohms). 

50-ohm output: I Hz to 10 MHz. 7 ranges. Rise Time and Fall Time: <5 ns. 

600-ohm output; 1 Hz to I MHz. 6 range.'. Amplitude: peak 5 V into 50 ohms, 10 V into an 

, Period Jilter < 0.2% at any duty cycle nnd repetition open circuit; output circuit protected, cannot be 

rate setting. > damaged by shortingl 

EXTERNAL Attequalor: 0.05 V to 5 V, in a 1, 2.5. 5 sequence. 

Sync Input: sine waves or po.sitive pulses from 1 Hz Vernier: provides continuous adj'ustment between 
to 10 MHz; frequency of synchronizing signal ) ranget;. 

' must be from 105% to l-KW* of frequency dial 600-OHM SOURCE 

setting. >5 V ma.x, . v , Bis® Time and Fall Time: <70 ns into 600 ohms; 

Sensitivity: dc coupled., positive pulses. 2 V pk; sine <l i0 ns into an open circuit; decreased ampli- 

wave.s, -I V pk-to-pk. tiide will improve rise time. 

Input Resistance: approximately 500 ohms. , Amplitude: at least IK) V peak into 600 ohms; at 

TRIGGER OUTPUT least 60 V into an open circuit. 

Width: 10 (i5) ns at OOK) point. Attenuator: provides continuous adjustment from 

Amplitude;, i2 V into 50 ohms. full output to less than 0.8 V into 600 ohms. 

Timing: coincident with leading e<lge of 50-ohm ' , 

pulse. GENERAL i . I 

Polarity: positive or negative. Power: 115 V or 280 V (— KWoMOS), 50 to <100 

, Hz,2;W. 

OUTPUT , ) j Dimensions; 108 mm wide X 165 mm high x 290 mm 

Symmetry; variable from 2.5% to 7.5% duty cyi.le. deep overall (7-8/ -I x (5-1/2 x 1 l-3/*l in.). 

Polarity: negative.^ Weight: net, <1 k.z (9 Ib). 
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I General Information 

' l>9. In addition to change information, the supple*^ 
meat may contain information for correcting errors 
in the ninnual. To keep this manual as currept and 
accurate as possible, HewIett*Pocknrd recommends 
that you periodically request the latest Manual 
ChnnRcs supplcnicnt. Tlie supplement for this manual 
is identiHcd with the manual print date and part 
number, both of which appear on the manual title 
page. Con plimentary copies, of the supplement ore 
available f ^m Hewlett-Packard. ^ , 

MO. An Instrument manufactured before the print- 
ing of this manual will have a scrinl preHx rtumber 
lower than 1614.^. If your instrument hos sucK u serial 
prefix number, refer to Section VII. , 

Ml. For, information concerning n serial number 
prefix that is not listed on the title page or in the 
Manual Changes supplement, contact your, nearest 
Hewlett-Packard office. 

1-12. DESCRIPTION. 

: ■ t ■ ■ . . ' . ^ ^ 

1-13. The, Hewlett-Packard Mode! 21 IB Square Vyave 
Genc’.ator is n general-purpose instrument thnt pro- 
videt I negative squnre-wave output signals of variable 
' frequmey^' width, and amplitude. In addition, trigger 
output^ signals of reversible polarity are provided for 
synchronizing external circuits or instruments. The 
Model 21 IB Square Wave Generator is u free-running 
instrument. It may be synchronized with nn external 
signal. The frequency range is fron' 1 Hz to 10 MHz 
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i Model 2UB 

• ; : I 

. i . ' ' . 

when germinated in u HO ohm load» Amplitude of the , 

signal I is variable from >05 volt to —5 volts with an _ 

adjustable pulse width of 25% to 75% of the period* 

With Its variable pulse amplitude and width char- — 

acteristics, the 21 IB is useful ns a Kameral-purpose 
laboratory or production-line instrument* Due to its 
compact si^e and case of operation^ it is an ideal 
sin^Iu-unit instrument for , test applications where 
8yhchri)nization triKKoripK pulse generator 

facilities are desired stmudaneously* 

M4* A separate facility for triK^er output pulses is 
also provided* Trigger output pulses are coincidental ’ 

with the leading edge of the output v pulses at the 
SO ohm connector* The trigger output circuit is used 
for synchronizing external circuits or instruments* 

Polarity of the trigger pulses is selcctalile (either ^ 
positive or negative) and their amplitude is greater 
than 2 volts* Pulse width is less than 10 nanoseconds 
when terminated in a 5() jhm load* 

MS. OPTIONS.! 

I'K). Statulnrd options arc modifientiona installed on 
HP instruments at the factory and arc' avnihilrlc on 
request. The following option is availahlcion Model 
'211B: • 

■ i ' ' ' ' ■ , . ■ , 

OPTION 580. The i^tandard Model 21 !B meets the 
requirements of CSA standards. This optioa arlds ' _ 

two labels to the unit to acknowledge this fact. Add 
HP Part No. f)‘)5r)-0123, 1,ABKI„ OFFION WO; and HP ) 

Part No. 7l2(M8:r>, LABEL, CSA CEKTIKICATiON. 
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Model 2I1B ^ Installation 



SECTION II 

Installation 

I I 



2-1. INITIAL INSPECTION. 

2>2. Inspect the shipping container for damage. Ifthe 
shipping container or cushioning material is damaged, 
it should be kept until the contents of the shipment 
' have been checked for completeness and the instru- 
ment has been checked mcchnnicnily and electrically; 
procedures for checking electrical performance arc 
' given in Section V. If the contents are incomplete, 
if there is mechanical damage or , defect, oi if the 
instrument docs not pass the Performance Tests, notify 
, the nearest Hewlett-Packard office. If the shipping 
container is damaged, ^ or the cushioning material 
shows signs of stress, notify the carrier as well as the 
Hewlett-Packard office. Keep the shipping materials 
for carrier's inspection. The HP office will arrange 
for repair or replacement at HP Option without wait- 
, ing for claim settlement. 

2-3. PREPARATION FOR Usi , 

’ 2-4. POWER REQUIREMENTS. The standard Model 
211B requires either a 116-Vac or 2.’10-Vac (~10'Jf)+16%), 
/ single phase, 60- to 400-Hz power source that can 
deliver at least 40 VA. A rear panel LINE slide switch 
selects operation on cither 116 V or 200 V. When the 
operating voltage is changed, the line fuse should also 
be changed to ensure instrument protection. Use a 
slow-blow fuse if replacement is required. 



be used. Figure 2-1 illustrates the standard power 
rcccp^clc (wall outlet) configurations that arc used 
throughout the United States and in other countries. 
The HP part number shown adjaccnt'to each recep- 
tacle drawing is the part numb«.'' for u power cable 
equipped with a mating plug for *hnt receptacle. If 
the appropriate power cable is not included with the 
instrument, notify the nearest Hewlett-Packard Sales/ 
Service Office and a replacement cable will be pro- 
vided. 



HP POWER CABLE PART NUMBERS 


8120-16B9 


8120-1369 
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8120-1351 


;6120 2104 


8120-1378 
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INPUT POWER RECEPTACLE TYPES 



Fifiure 2~L Power Reccplaclea 



. l ■ I ■ ’ . r I ■ ; ■ ■ ■ . . ■ • 

V Operation. The standord instrument; as 2-8. When operating ihe 211B from a two-contnet 

shipped from the factory, is ready for operation on power outlet, use a three-conductor to two-conductor 

lie Vac. The rear-panel LINE switch must display adapter. Preserve the safety feature by grounding the 

the legend 116 when operation from this voltage is adapter flexible (third) lead, 

intended. Fuse value for 115 V operation is marked 'i 

on the rear panel. 2-9. REPACKING FOR SHIPMENT. 



) 



2-6. 230 V Operation. If the instrument is to be 
operated on 230 Vac, set the LINE switch to display 
230. , Change the fuse to the proper .value for 230 V 
operation, as marked on the rear panel. 

2-7. THREE-CONDUCTOR POWER CABLE, kis 

instrument is equippw»d with a three-conductor power 
cable that^ when connected to an appropriate recep- 
tacle, grounds the instrument through the offset pin^ 
The power cable required depends on the ae input 
voltage, and the country in which the instrument is to 



2-10. If Model 211B is to be shipped to an HP 
Sales/Service Office for service nr repair, attach a 
^ tag showing owner (with address), complete instru- . 
ment serial number, and a description of the service 
requirefh 

2-1 K Use the original shipping carton, and packing 
materiah If the original packing material is not 
available, the HP Sales/Service Office will provide 
information and recommendations on materials to be 
used. 
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SltB-A-l-IZ-Tt 



LINE. Applies ac power to the,inntrurnctu 
Indicator lamp Iigi.*«»,when power >« applied. 



voltoge for the range selected by the AMPLI- 
TUDE switch. 



FREQUENCY (Hzil. .‘'elects the output frc- 7. OUTPUT 50-ohm. Supplies fiO-ohm output pulse. 



quency withiw the )ange determined by the 
MULTIPLIER setting.' ' ' ' , 



SYMMETRY. Varies the duty cycle of the 



8. AMPLITUDE. Controls ^ voltage amplitude of 
the 600-ohm output pulse. 



pulse period. 



MULTIPLIER. Selects ihe operating range for 
the FREQUENCY (Hz) dial. 



9. OUTPUT SOO-ohm. Supplies 600-ohm output 
pulse. 



AMPLITUDE. Selects the voltage range of the 
50K)hm output pulse. 



10. TRIGGER POLARITY. Selects cither negative 
or positive trigger output pulse. 



VERNIER. Provides continuous adjustment' 
for the voltage range of the 50-ohm output 
pulse. Maicimum cw position gives maximum 



11. TRIGGER OUTPUT. Supplies trigger output 
pulse. ' 



12. SYNC INPUT. Input connector for external 
synchronization signals. 



Figure 3-I. Front-panel Controls and Connectors 
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3-t INTRODUCTION. 

3-2. This section includes explanation of front-panel 
controls and adjustments, available modes of opera- 
tioii, triggering considerations ond step-by-step oper- 
ating instructions for thosl applications. 

I ■ /i\ . 

3-3. CONTROLS AND CONNECTORS. 

3-4. Although the functions described in figure 3-1 
ore brief, they provide a . ready tefercnce for the 
operator. A more detailed description of some of the 
controls and connectors *’> given in the following para- 
graphs. 

3-5. Symmetry Control. The SYMMETRY control on 
the front panel of the Model 21 IB varies the duty 
cycle of the output pulse without affecting the fre- 
' quency. The duty cycle is variable between 25% and 
75% of the pulse period' and is unaffected by exurnnl 
triggering and repetition rate. 

3-6. 50-olim Amplitude Control. The amplitude of the 
50-ohm output pulses is controlled by an AMPLITUDE 
switch and u VERNIER control. The AMPLITUDE 
control is a seven-position attenuator switch covering 
an output voltoge range from —0.05 volt to — li volts. 
The voltage range selected by the attenuator setting 
is variable by the VERNIER control (from near zero 
volt to maximum output for the particular range 
selected). 

3*7. 600-ohm Amplitude Control. The amplitude of the 
60&ohm output pulse is controlled by the AMPLITUDE 
control located directly above the 600-obm output con- 
nector. The amplitude is continuously variable from 
near zero volt ti) —30 volts when terminated in 
600-ohm load. * 

J 

3-a OPERATING CONSIDERATIONS. 

3-9. EXTERNAL SYNCHRONIZATION. 



CAUTION 



Input synchronization signal must not 
exceed 5 volts peak arid power must be 
less than 0.25 watt. 



' 3-10. ’ The Model 21 IB may be synchronized by cither 
a ;^2-v')lt minimum pulse or a 4-volt minimum peak 
sine wave applied to the SYNC INPUT connector. The 
frequency of the synchronization signal must be 
between 105% and MO’S of the internal frequency 
I setting. If difficulty is encountered wLcn synchro- 
nizing with an external source, recheck the dial fre- 
quency setting, the synchronization' frequency, and the, 
>> amplitude of the synchronization signal. , , 

3-11. TRIGGER OUTPUT. 

3-12. The positive or negative trigger pulses which 
arc available at the TRIGGER OUTPUT connector 
have on amplitude greater thon 2 volts (across n 
. 50-ohm load), approximately 10 nanoseconds in width, 
and arc coincidental with the leading edge of the 
5o-ohm output pulse. 

3-13. OPERATING PROCEDURES. 

>3-14. The Model 21 IB is capable of generating any 
frequency from 1 Hz to 10 MHz (maximum of 1 MHz 
' nt the MO-ohm connector). The frequency is estab- 
lished by setting the MULTIPLIER switch to any of 
seven ranges and ndjustins the FREQUENCY (Hz) 
control to the specific frequency desired. The Model 
21 IB is free-running nt the frequency indicated by the 
front panel frequency controls. To operate the instru- 
ment, proceed as follows: 

a* To apply power^ press LINE switch; power 
lump should JighL' 

b. Set MULTIPLIER switch to correct frequency 
range and adjust FREQUENCY (Hz) control todesiretl 
frequency^ 

c. Adjust SYMMETRY control for required pulse 
width as observed on an oscilloscope,. 

d. When using the 50 ohm output circuity select 
proper voltage attenuator range with AMPLITUDE 
selector switch. Adjust VERNIER control for exact 
voUngr required. Refer to table M for output termin- 
ation characteristics. , 

e. Wh ^n using the 600-ohm output circuity adjust 
AMPLITUDE control for required voltage amplitude. 
Refer to table 1*1 for termination characteristics. 
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PRINCIPLES OF OPERATION 



4-1. INTRODUCTION. 

4*2. This section presents the theory of operation for 
the Model 21 IB Square Wave Generate*', The first 
portion contains u general description of circuit 
functions using a block diogram (figure 4>l) to supple-' 
ment the written description. The second portion pro- 
vides a detailed description of the operational theory 
written for use with the schematics which are located 
in Section VIII of this manual. 

4-3. BLOCK DIAGRAM DESCRIPTION. 

4-4. The Model 211B ctmsists of a fine-frequency 
control, two current sources, n conrse-frcqucncy con- 
trol, and a Schmitt trigger circuit' The output of the 
Schmitt trigger is applied to three amplifier circuits. 
The amplifier circuits produce symmetrical output 
pulses which ore present at the BO-ohm, 600-ohm, and 
TRIGGER OUTPUT connectors. 

4-5. PINE-FREQUENCY CONTROL. 

4-6. The front-panel control, FREQUENCY (Hz), 
cstablishoB the pulse repetition rate of the square- 
wave generator by adjusting the bias applied to the 
two current sources. 

4-7. CURRENT SOURCES. 

4-8. The current sources (referred to as the upper and 
lower current sources in the block diagram) operate ns 
current regulators for the coarse- frequency control 
circuit. The upper current source provides the current 
for charging the selected rump capacitor in the coarse- 
frequency control circuit and the lower current source 
establishes the rate of discharged 

4-9. COARSE-FREQUENCY CONTROL 

4-10. The MUI/riPMER switch, located on the froqt 
panel of the Model 2UR, selects various resistan:c- 
capacitance networks which determine the slope of 
the ramp waveform. The various sawtooth waveforms 
developed by the ramp capacitance networks establish 
the repetition rate for the Schmitt trigger circuit. 

4-11. SCHMITT TRIGGER. 

4-12. The sawtooth waveform from the ramp capaci- 
tance network alternately crosses the upper and lower 
hystersis limits of the Schmitt trigger. This results in 
a square-wave output at a repetition rate established 
by the coarse and fine frequency control circuits. The 
Schmitt-trjgger output is applied to the output ampli- 
fiers. 



4-13. SWITCHING CIRCUITRY. 

1 

4-14. The Bwitching circuit Is controlled by a signal 
fed back from the Schmitt trigger. It regulates the 
charge or discharge state of the selected ramp 
capacitor. 

4-15. OUTPUT CIRCUITS. 

4-16. The squore-wavc signal from the Schmitt trig- 
ger is amplified and shaped by the 50-ohm and 600- 
ohm output circuits. The trigger circuit differentiates 
the output of the Schmitt trigger and reshapes the 
pulses. Polority of the trigger pulses is selectable by 
switch action. 

4-17. SYNCHRONIZATION CIRCUIT. 

4-18. The Model 21 IB may be synchronized from an 
external source. The synchronization signal Is dif- 
ferentiated and applied to the Schmitt trigger circuit. 

4-19. ^CIRCUIT DETAILS. 

4-20. Refer to the timing sc<iucncc in figure 4-2 and 
the schematics located in Section VIII of this manual 
when using the detailed theory of operation. 

I ' ' ^ 

4-21. COARSE-FREQUENCY CONTROL ' 

I 

I 

4-22. The coarHU-frcquency circuit is controlled by 
the seven-position MUI/TIPIilKH switch S5. Each 
position of the MULT! PEI BR switch selects the appro- 
priate ranip capacitor (A2CII through' A2C 16) for the 
designated frequency range. When the IM frequency 
range is selected, a network consisting «>f A2C8, A2C9, 
A2C10 and A2R61 is used to develop the higher fre- 
quency involved. 

4-26. The selected ramp capacitor will charge and 
discharge at a rate determined by current-source tran- 
sistors A2Q6 and A2Q7. Transistor A2Q6 functions ns 
a scries regulator in the current path that charges the 
selected capacitor. The charging rate of the ramp 
capacitor forms the negative slope of the sawtooth 
waveform. The *)utput current of A2Q6 is directed to 
the ramr *pacitor by diode A2CRI 1. Transistor A2Q7 
functions as n series regulator in the discharge path of 
the selected ramp capacitor. The discharging rate of 
the ramp capacitor forms the positive slope of the saw- 
tooth waveform. Diode A2CR12 directs the discharge 
current from the ramp capacitor through A2Q to 
ground. 
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4'24. Dual potentiometer R3 determines the duty, 
cycle for each period of the pulse repetition rate. It 
controls the current in the emitter circuits of A2Q6 
and A2Q7> Potentiometer Rfl is adjusted by the PYM> 
METRY control knob on the front panel of the instru- 
ment. Varying the SYMMETRY control changes the 
rate at which the upper ond lower Uysteresis limits 
of the Schmitt trigger are crossed per repetition pulse. 
This establishes the duty cycle for each period. 

4-25. FINE-FREQUENCY CONTROL. 

: ^ 1 ' 

4*26. The fine-frequency circuit of the Model 21 IB 
consists of potentiometer R2, A2R24» A2R2>5 dnd 
A2Q6. Potentiometer R2 is a 10:1 vernier controlled 
by the FREQUENCY (Hz) dial on the front panel of 
the instrument. The FREQUENCY (Hz) dial establish- ■ 
es the bias applied to current-control transistor A2Q6. 
The bias on A2Q6i controls the voltage developed 
across resistors A2R24 and A2R25.,The voltoges devel- 
oped at A2R24 and A2R25 f'•r^.^ the bios for charge 
and dischorge transistors A2Qb and A2Q7. The rate 
at which A2Q6 permits the ramp capacitor to charge 
and the rote at which A2Q7 permits it to discharge^ 
determine the repetition rate for the instrument. 

4-27. On the three lower frequency ran»<es (con- 
trolled by A2CII, A2C12 and A2C13), a degenerative 
feedback network consisting of A2Q11 and A2Q12 is 
used to compensate for the slower charge, and dis- 
charge rate required. Transistor A2Q12 inverts the 
emitter signal of A2QI3 and applies it to the base of 
A2Q1 1. The collector circuit of A2Q1 1 controls the bias 
on transistor A2Q10. Transistor A2Q 10 forms a low- 
impedance ground circuit for the three lowest fre- 
quency capacitors. Variable resistors A2R33^ A2R34 
and A2R35 control the amplitude of the degenerative 
feedback signal. Refer to Section V of this manual 
for proper odjustments. ' 

4-28. SCHMITT TRIGGER CIRCUIT. 

4-29. Charging of the selected ramp capacitor pro- 
duces the negative slope of the sawtooth waveform 
(figure 4-2). This signal is applied to the base of 
transistor A2Q13. The inverted signal developed in the 
collector circuit of A2Q13 is applied to the base of 
transistor A2Q14. Transistors A2Q14 and A2QI6 
function os a Schmitt trigger circuit. When the upper 
hysteresis limit’ of A2Q14 is reached, it conducts 
heavily and A2Q15 is cut off. When the lower hyster- 
esis limit of A2Q14 is reached, it is biased off and 
A2Q15 conducts. The square-wave signal developed 
by A2QI6 is inverted by transistor A2Q16 and applied 
to the output circuits. 

4-30. SWITCHING CIRCUIT. 

4-31. Synchronization of the charge and discharge 
functions of the current sources is accomplished by 
transistors A2Q8 and A2Q9. The output signal from 
the Schmitt trigger is coupled through diode A2VR6 
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to the base circuits of A2Q8 and A2Q9. Transistors 
A2Q8 and A2Q3 are complementary (npn-pnp). 
Depending on the polarity of the output pulse, one 
transistor will conduct while the other is cut off. When 
A2Q8 is conducting (positive transition of the signal 
from A2Q16), diode A2CR11 is back biased and the 
charging circuit between A2Q6 and the ramp capaci- 
tor is blocked. During the same positive transition 
of the signal from A2Q16, transistor A2Q9 is cut off. 
The discharge path from the ramp capacitor through 
A2CR12 and A2Q7 to ground is operational. When 
A2Q8 is not conducting (negative transition of the 
signal from A2Q16) the charge path from the ramp 
capacitor I through A2CR11 and A2Q6 to the -20-volt 
source is operational. During the same negative tran- 
sition of the signal from A2QI6, transistor A2Q9 is 
conducting. With A2Q9 conducting, diode A2CR12 is 
bock biased and the discharge path of the ramp capaci- 
tor is blocked. 

■ I 

4-32. OUTPUT CIRCUITS. 

4-33. Trigger Output. The butput signal from Imped- 
ance Converter A2Q16 is applied to a differentiating 
circuit A2C18 and A2R45 in the trigger output circuit. 
The positive spike developed by the differentiator is 
applied to trigger amplifier A2Q17. The signal is 
shaped into a negative puUe having a 10-nanosecond 
width and greater than 2 volts in amplitude (when 
terminated in a 60-ohm loud). The output of A2Q17 
is connected to one side of triggerpolarity switch S4 
and transistor A2Q18. TVansistor A2QI8 inverts the 
negative pulse and applies it to the other side of S4. 
The position of S4 determines the polarity of the trig- 
ger output pulse. 

4-34. 50-ohm Output Circuit. The signal from tran- 
sistor A2Q16 is also applied to transistor A2Q23. 
Transistor A2Q23 and A2Q26 are used to amplify and 
shape the square-wave pulse. The output of A2Q25 is 
applied to u cascode amplifier stage consisting of 
A2Q29, A2Q30, A2Q32 and A2Q3'l. The output of the, 
cascode amplifier is cr nnected to attenuator Al. 

4-35. The amplitude of the 60 ohm signal is con- 
trolled by AMPUTUDE switch AlSl and the VERNI- 
ER control on the front panel of the instrument. The 
VERNIER control varies the bins on amplitude-control 
transistor A2Q27. An in-phnso voltage at the emitter 
of A2Q27 is applied as bias to the output cascode 
transistors A2Q32 and A2Q33. By adjusting the bins 
on the output transistors, the amplitude of the output 
signal is varied from near zero to —6 volts. Diode 
A2CR20 functions as a protective device against any 
inductive overloads. 

4-36. An attenuator network is used to limit the 
amplitude of the output signal to from —0.05 volt to 
—5 volts. Attenuator A I has three pi-type resistance 
networks. These networks divide the signal from the 
cascode amplifiers by factors of two, five and ten. 
Amplitude switch AISI selects the desired voltage 
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range by connecting the coscode amplifier output to 
selected combinutions of the pbnetworks. Tbc output 
of the pi-networks is connected to the OUTPUT 500 
connector on the front panel of the instrument. 

4*37. 600-ohm Output. The signal from r.nnsistor 
A2Q16 is also applied to amplifier A2Q24 in the 600- 
ohm amplifier circuit, Tronsistors A2Q24 ond A2Q26i 
amplify and shape the squore-wave pulses before 
applying them to driver amplifier A2Q31. When the 
IM frequency ronge is selected, A2Q24 Is reverse 
biased by the addition of resistor R5 in its emitter 
circuit. There is no output from the 600-ohm circuit on 
the IM frequency range'. Voriable resistor A2R88 Is 
adjusted for a signal amplitude which results in no 
distortion of the output waveform. 

4-38. The signal from A2Q26 is amplified by driver- 
amplifier A2Q3I and applied to transistors Q3 and 
Q4 operating in cascode. (Tmnsistors Q3 and Q4 are 
located on the instrument chassis). Transistors Q3 and 
Q4 amplify and further shape the output signal. The 
amplitude of the output signal is continuously variable 
from zero to —30 volts by resistor R6 (AMPLITUDE); 
Diode A2CR21 functions as a protective device against 
any inductive overload. ' 



4-39. SYNCHRONIZATION. 

4-40: An external synchronization signal may be, 
applied to the instrumeiit at the SYN(3 INPUT con- 
nector J2. The synchronization signal must have an 
omplitude of at least *2 volts peak and a frequency of 
105% to 140'% of the frequency dial setting of the Model 
21 IB. The synchronizing signal is applied to a divider 
bridge consisting of diodes A2CR13-A2CR16. The 
diode bridge configuration limits the amplitude of the 
input signal to -i4 volts. ' 

4-4 1 . When the synchronizing signal produces a posi- 
tive voltage nt the junction of A2CR14 and A2CRI6, 
transistor A2()19 conducts. The negative voltage 
developed by A2Q19 is applied to A2Q20 through 
diode A2VR9. Normally, A2(j20 is forward biased and 
conducting. When the negative voltage from A2Q19 is 
applied, A2Q20 is cut off. The magnetic field produced 
by A2L1 when A2Q20 is conducting collapses and pro- 
duces a 20-nnnosecond positive pulse. Depending on 
the position of the SYMMETRY control, the 20-nnno- 
sccond puls,i is applied to either A2Q21 or A2Q22 by 
switch S3. Tie synchronization pulses arc applied to 
the Schmitt trigger circuit during the longer slope of 
the ramp waveform. When the duty cycle is below 50“% 
of the pulse period, S3 connects the synchronizing 
pulses to A2Q22. When the duty cycle is greater than 
50% of the pulse period, the synchronizing pulses arc 
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connected to A2Q21. Svnehronizotion is not possible 
nt exactly 50% of the di'ty cycle. 

4-42. When either A2Q21 or A2Q22 con.iucls (with 
application of a synchronization pulse) u negative 
20-nunosccond pulse is produced. The negative pulse 
Is connected to the busc of either A2Q14 . r A2()t5 
in the Schmitt trigger circuit. Since the pt‘lse is opplied 
to the Schmitt trigger transistor which L conducting, 
the Schmitt trigger switches operating states, thus syn- 
chronizing the sawtooth waveform from the frequency 
control circuit to the synchronization signal. 

4-43. POWER SUPPLiek ' 

4-44. The regulated power supply operntus from 115 
or 230 volts ac. The voltage is rectified to provide the 
dc outputs of —20 volts, — 70 volts, nhtl *6.8 volts. The 
two primary windings of transformer TI are connected 
either in series (230 volts nc operation) or in parallel 
(II5 volts nc operation) by switch S2. 

4-45. — 20-voll Power Supply. Diodes A2CR1 nn 
'A2CR2 comprise n full-wave rectlOer which furnishes 
the negative voltage for the -20-volt power supply. 
The unregulated voltage is filtered by capacitor Cl 
and applied to scries regulator Ql. Resistor A2R7, 
A2R8, and A2R9 form a voltage-tlivider network 
between ground and the -20-volt output. The base of 
error-amplifier A2Q2 /{s connected to the voltage-' 
divider network and/ senses any change In output 
voltage. The change |n output voltage is amplified 
nr.d inverted by A2Q2 and applied to regulator-driver 
A2Q1. Transistor A2QI functions as nn emitter follow- 
er and is connected to the base circuit of series regu- 
lator Ql. This regulates the bias on ()1 and maintains 
the output of the power supply at —20 volts. 

4-46. -70-volt Power Supply. 'I'he -70-volt power 
supply functions in the same manner us the —20-volt 
power supply with the exception of the rectifier cir- 
cuit. The secondary winding of trnnsformerTI used by 
' the -20-volt power supply is center-tapped to ground. 
This enables the use of the two-diode rectifier system. 
The two-diqde rectifier arrangement cannot be em- 
ployed for the -70-volt power supply. The secondary 
winding of transformer TI used for the —70-volt power 
supply Is not center-tupped. The bridge network con- 
sisting of A2CR5 through A2CR8 is used for full-wnve 
rectification, 

P 

4-47. »6.8-volt Power Supply. OincioB A2CK3 aril 
A2CR4 form a fuU-wavo rectifier which supplies Ine 
♦i)*8-voIt power for the instrument. Capacitor A2C5 
filters the rectified voltage. Hesistor A2K10 reduces 
the voltage to the proper; level and breakdown diode 
A2VKI regulates the output. 
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' ’ SECTION V 

PERFORMANCE CHECK AND ADJUSTMENTS, 



I 



5>1. INTRODUCTION. 

This section provi<:1rl| ndjustment procedures and 
a performance check for the Model 2llB» The perform- 
ance check may be used us an incoming inspection/ 
or after repairs or adjustments have been made to ? 
certify thot the instrument meets the specifications 
lioted in table 1-l/When the initial performance check 
is made^ record the indications on the Performance 
Check Record. These indications may be used for com- 
parisons with equipment performav^ce at a later date. 
Refer to parograph 6-17 for adjustment proex'dures. 

5^3. REQUrSD TEST EQUIPMENT,, 

V ' ' ’ 

6-4. Test equipnient recommended for both the per- 
formance check and adjustments is listed in table 6-K 
Similar equipment may be substituted provided it has 
the required characteristics listed in the table. 

5-5. PERFORMANCE CHECK. 

5- 6 PROCEDURE. 

6- 7, Connect the Model 211B to nn external power 
source. Turn on the equipment ond allow 10 minutes 



for warm up, Perfonn the checks and adjustments in , 
the same sequence as they are listed. Figure 5*1 is a 
typical waveform which illustrates points that are de- 
scribed in this section. 

5-6. SYMME.TRY CONTROL CHECK. 

u, Connect,equipment 08 shown In figure 0-2 
and set 21 IB controls as follows: 



MULTIPLIER...... lOK 

FREQUENCY (He) 1 

SYMMETRY cw 

AMPLITUDE (switch) 0 

VERNIER cw 



b. Set high-frequency' oscilloscope controls as 

follows; . 

. . 10 fisec 

INT 

.. NORM 

2 

...... (-) 

i ) 

c. Adji'st high-frequency oscilloscope for a stable 
display, ' 



TIME/DIV 

TRIGGER 

MODE. 

VOLTS/DIV...... 

TRIGGER SLOPE 
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Table S^.ReQuired Teat Equipment 



Recommended InetrumenI ^ 


Required 

Chaireclerlstlcs 


1 


Type 


Model 


Required lor 


Sampling 

Oscilloscope 


HP 180C 
with 1810A 


1 GHz Bandwidth 


Performance Check 


High-frequency ■ 
Oscilloscope 


HP 1740A 


60 MHz Bandwidth 
60 mV/cm Sensitivity 


Performance Check 
Adjustments 


Frequency 
Counter , 


HP6246L 


Period Meter 
Frequency Counter 


Performance Check 
Adjustments 


20 dB 60K)hm 
Attenuator 


HP 8491 

} , 


Use Recommended 
Equipment 


Performance Check 


60^hm Load 


HP lOlOOC 


Feedthrough Load ■ 


Performance Check 
Adjustments 


f . 600*ohm Load 




600-ohm *6% 2W 


Performance Check 


BNC Adapter 


' HPlOllpA ' 


BNC male to 
Binding Post 


Performance Check 


Test 

Oscillator 


HP 651B 


10 Hz to 10 MHz < 
3 V Output Range 


Performance Check 


AC Voltmeter 


HP403B 


0.003 V to 0.03 V 
Voltage Range 


Adjustments 

Troubleshttoting 


Digitol.^ , 

- , Voltmeter > 


HP3466A 


±0.06% accuracy 
4 digit display 


Adjustments 


Voriable line 
Voltage Supply 


. . .1 


100- 128 V 
200 • 256 V 25 VA 


Adjustments 




t 

Figure 5-2. Symmetry Control Check Test Setup 



(1. ' Pulse width should be greater than 75% of the 
period. 

e. Turn SYMMETL/ control fully ccw. Pulse 
width should be loss than 25% of the period. 

S-9. SYNCHRONIZATION CHECK. 

a. This procedure checks the ability of the Model 
21 IB to synchronize on an external tri^Ki^r source. 

b. Connect c<iuipment as shown in figure 5-:i. 

c. Set 21 IB controls ns follows: 



MULTIPLIER lOOK 

i; FREQUENCY (Hz) : 1 

SYMMETRY. .. ccw 

AMPLITUDE (switch) 5 

VERNIER : cw 



d. Set high-frequency oscilloscope controls ns 
follows; 
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TIME/DIV .Smbcc 

TRIGGER EXT 

MODE.. NORM 

VOLTS/DIV .....' 2t 

e. Set test oscillator controls us follows: 

FREQUENCY...... IlOK 

AMPLITUDE 4Vpk-topk 

f. Adjust high-frequency oscilloscope SWEEP 
VERNIER until one pulse period occupies 8 divisions 
on the CRT. 

g. Turn SYMMETRY control slowly cw. Ob- 
serve phase shift reversal at fitW) duty-cycle point. 
(Pulse width will increase until nt 50%, polarity will 
reverse and width will decrease.) 

h. Repeat procedure with SYMMETRY control 
in cw position. 



HIGH-FREQUENCY 

OSCILLOSCOPE 




FtRure 5-li. Synchronization Test Setup 



5-10. 600-OHM OUTPUT CHECK. 

n. See figure 5-1 for definition of pulse char- 
acteristics. 

, b. Connect equipment as shown in figure 5-t. 

c. Set 21 IB controls as foIIow.s: 

MULTIPLIER.......... lOK 

FREQUENCY (Hz) 10 

SYMMETRY approximately 50-% 

AMPLITUDE (600-ohm control) cw 
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d. Set high-frequency oscilloscope controls ns 
, follows: 



TIME/DIV 2 



TRIGGER MNT 

MODE NORM 

SLOPE (-) 

VOLTS/DIV 10 



e. \djust AMPLITUDE control of 21 1 B for pulse 
amplitude of 60 volts (6 divisions). Overshoot should 
be less than 0 minor divisions (5%). 

i • . 1 

f. Connect a 600-ohm load ncro.ss (iOO-ohm out- 
put connector of 21 IB. Pulse amplitude should be .‘10 
volts (8 divisions) i5%. 

g. Turn AMPLITUDE (600-ohm) control fully 
ccw. 

h. Set oscilloscope VOLTS/DIV dial to .1 and 
adjust AMPLITUDE control of 21 IB for 0.5 volt (5 
divisions) as indicated on oscilloscope. Overshoot 
should be less tbnn 1.5 minor divisions. Disconnect 
600-ohm load. 

, 5-11. RISE TIME AND FALL TIME. 

a. Set high-frequency o.Hcilloscope TIME/DIV 
dial to .2 AiSEC and VOLT/DI V dial to 1. Adjust 
600-ohm AMPLITUDE control on 21 IB for 6 divisions 
deflection. 

^ b. Move lending edge of pulse to center of CRT. 
Set oscilloscope MAGNIFIER to XlO. Rise time 
between lOK* and {MyKt amplitude points should be less 
than 7 divisions (140 ns). 

c. Change oscilloscope SLOPE to («^) and move 
trailing edge of pulse to center of CRT. Fall time 
between 1^ and amplitude points ^should be 
less than 7 divisions (140 ns). 
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d. Connect Model 2IIB output to a 600>ohm 
load. 

c. Set oscilloBcope VOLT/DIV dial to .6. Fall 
time between 10% and 90*16 ompHtude points should be 
less than 3.13 divisions <70 ns). 

1 . 

f. Change oscilloscope SLOPE to (— ) and move 
leading edge of pulse to center of CRT. Rise time 
between 10% an 909(» amplitude points should be less 
than 3.6 divisions (70 ns). Remove 600>ohm loud. 

5-12. 60-OHM OUTPUT CHECK. 

a. Connect equipment as shown in figure 6-6. 
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f. Move trolling edge of pulse to center of CRT. 
Pall time should be less than 6 ns. 

6-13. With 21 IB controls set as in paragraph 6-12b, 
set the Bompling oscilloscope controls as follows: 



TIME/DIV 60 nSEC 

MAIN SWEEP MAGNIFIER 2 

MAIN SWEEP TRIGGER NORM 

MAIN SWEEP TRIGGER SLOPE (-) 

MILLIVOLTS/DIV 60 

DISPLAY NORM 



n. Adjust pulse amplitude to 6 volts (10 divisions) 
with 21 IB amplitude VERNIER. 




multiplier: im 

FI^EQUENCY (Hz) 6 

* SYMMETRY 60*% duty cycle 

AMPLITUDE (switch) . 6 

VERNIER.,... cw 

TRIGGER POLARITY (-) 

c.,fSet the sampling oscilloscope controls as 
follows; ’ 

TIME/DIV..... 20nSEC 

MAIN SWEEP MAGNIFIER 20 

MAIN SWEEP TRIGGER NORM 

MAIN SWEEP TRIGGER SLOPE (-) 

MILLIVOLTS/DIV 60 

DISPIAY NORM 



d, , Adjust pulse nmplitude to 6 volts (10 divi- 
sions) with 21 IB VERNIER. 

e. Move leading «lge of pulse to center of CRT. 
Pi time should be lees than 6 ns. 



b. Move leading edge of pulse to center of CRT. 
Preshoot and overshoot of the leading edge should be 
no more than 6 minor divisions (6'Ki). 

c. Move trolling edge of pulse to center of CRT. 
Preshoot and overshoot of the trailing edge should be 
no more than 6 minor divisions (5*K>). 

5-14. SYMMETRY (10 MHz). 

0 . Set FREQUENCY (Hz) dial of 21 IB to 10 and 
SYMMETRY control fully ccw. All other control set- 
tings to remain as in paragraph 6-1.3. Pulse width of 
displayed period should be less than 30*%. 

b. Turn SYMMETRY control of 21 IB fully cw. 
Pulse width of period should be more than 70'K», 



5-15. TRIGGER OUTPUT CHECK. 



6-16. This procedure verities trigger output churnc- 
tcristics of the Model 21 IB. Connect equipment us 
shown in figure 6-6. 
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Adjustments 



0 . Set 21 IB controls as follows; 



MULTIPLIER .... IM 

FREQUENCY (Hj5) 6 

AMPLITUDE (switch) 5 

VERNIER. cw 

TRIGGER POLARITY (-) 

b. Set sampling oscilloscope controls os follows; 

TIME/DI V 20nSEC 

MAIN SWEEP MAGNIFIER 2 



MILLIVOLTS/DIV 60 

c. Move trigger pulse to center of CRT. Pulse 
amplitude should be 2 volts or more (4 divisions). 

d. Adjust sampling oscilloscope plug-in unit 
VERNIER for full-screen display (10 divisions). Ob- 
serve pulse width at 50% amplitude points. Pulse width 
should be approximately 10 ns (1 division). 

= L 

e. Change 21 IB TRIGGER POLARITY switch to 
(>). Pulse should be positive with same specifications 
as in steps c and d obove. 



5>17. ADJUSTMENTS. 



5-IB. The Model 211B contains a number of selected 
components which are factory installed. Selected com- 
ponents arc indicated in the Ports List (refer to Section 
VI) and on the schematics by (*). Table 6-3 lists the 
selected components, description, ranges and the 
reason and method of selection. If a unit cannot be 
odjusted to meet the performance tests ofter repair 
and/or component replacement, check table 6-2 for 
possible replacement of a select component. , 



6-19. The following are factory adjustments and do 
not normally need readjusting. After instrument repair 
and/or component replacement, accomplish! the per- 
formance checks as outlined in paragraphs 6-5 through 
5-16. If an instrument docs not meet the performance 
checks, proceed with the following adjustments. These 
adjustments must be performed in the sequence given 
below. See figure 5-7 for locations of adjustments. 



Figure S~7, Component Adjustment Location 
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Adjustments 



Model 21 IB 




Table 5-2, Factory Selected Components' 



A2R18& 

A2R48 



A2R32 



Description 



C: fxd. 22pF 
C: fxd. 24pF 
C: fxd. 27pF 
C: fxd. 30pF 
C: fxd, 33pF 
C: fxd. 36pF 
C: fxd. 39pF 



R; fxd. 1300 ohms 



R: fxd. 2400 ohms 
R: fxd. 2700 ohms 
R; fxd. 3000 ohms 
R: fxd. 3300 ohms 
R; fxd. 3600 ohms 




R; fxd. 560 ohms 



R: fxd. 46 ohms 
R: fxd, 51 ohms 
R; fxd. 56 ohms 
R: fxd. 62 ohms 



R; fxd. 12 ohms 
Range 6 ohms to 
18 ohms 



R; fxd. 91 kilohms 
R; fxd, 120 kilohms 
R: fxd. 150 kilohms 
R; fxd. 180 kilohms 
R: fxd. 200 kilohms 
R; fxd. 220 kilohms 



Reason and Method of 
Selection ' 



Typical 22 pF. Selected to optimize output 
pulse shape. Selected with A2R84 (see 
elsewhere in this table). 



TVpical 1300 ohms; --20 V adjust is critical 
because of high Temp coef of R8, ond 
its resistance must be kept low. R9 is 
also selectable because of VR2. 



R18 typical 2400 ohms; —70 V adjust is critical 
because of high Temp coef of R17, and 
its resistance must be kept low. RIB is 
also selected because of VR4, 

R48 typical 3300 ohms; Selected for small freq. 
chonge with Symmetry. Set Freq to 10 MHz. 
Turn Symmetry control cw to ccw. Monitor 
freq with counter. Freq should change 
less than *5%. 



Typical 560 ohms; Adjusts the mechanical 
potentiometer path of R2 to correspond with 
frequency diol. 



Typical 66 ohms; Adjust for correct fr«|. Set 
Mult. Sw, to I MHz. Set Freq dial to 1. 
Adjust C9 for I MHz. Set Freq dial to 
10. Select R?I for 10 MHz. Recheck C9 
setting. 



Typical 12 ohms; Selected to meet freq specs 
on the lOOK range. 



Typical 160 kilohms; Selected for small freq 
change with Symmetry. Set Mull. sw. to 
lOK. Set Freq dial to 1. Turn Symmetry 
control for 609f» duly cycle. Monitor freq with 
counter. Frequency should not change 
more than *3% when turning Symmetry control 
fully cw or fully ccw from 6TO point. 



R; fxd. 22 ohms 
R; fxd. 27 ohms 
K; fxd. !)0 ohms 
R; fxd. 39 ohms 
R; fxd. 47 ohms 
R; fxd. 82 ohms 
R; fxd. 160 ohms 



Typical 82 ohms; Selected to optimize output 
pulse shape. Selected with A2C29. 














Model 211B 



Adjustments 



5-20. POWER SUPPLY ADJUSTMENT. 

a. Use a digital voltmeter to make the following 
measurements and adjustments, 

b. -20 V SUPPLY. Measure from test point TP- 
20V on board assembly A2 to chassis. Adjust poten- 
tiometer A2R8 to obtain —20 volts. Vary the line 
voltage *10% about the nominal input voltage. The 
—20 volts should not change more than *200 milli- 
volts. 

c. —70 V SUPPLY. Measure from test point TP- 
70V on board assembly A2 to chassis. Adjust poten- 
tiometer A2R17 to obtain —70 volts. Vary line voltage 
*10% about the nominal input voltage. The —70 volts 
should not chonge more thor. i700 millivolts. 

J 

5-21. FREQUENCY ADJUSTMENT. 

a. Connect c<iuipment as shown in figure 5-2, 
and connect the frequency counter to 21 IB TRIGGER 

OUTPUT. 

> 

b. Set Model 211 B controls as follows; , > 

MULTIPLIER lOK 

FREQUENCY (Hz) 1 

SYMMETRY. approximotcly 60% 

AMPUTUDE (switch) 6 

VERNIER ,cw 

c. Set high-frequency oscilloscope controls as 
follows; 

TIME/DIV.. ImSEC 

TRIGGER INT 

MODE..... NORM 

VOLTS/DIV (channel A) 2 

POLARITY (+)UP 

COUPLING DC 

VOLTS/DIV (channel B) 06 

COUPLING AC 

d. Measure ompHtude of the triangular wave- 
form with oscilloscope test probe at test point TPl 
(located on board assembly A2). Adjust amplitude of 
waveform with A2R43 for 1.8 volts. Remove probe, 

e. Set frequency counter controls as follows; 



SIGNAL INPUT \C 

SENSITIVITY (VOLTS RMS) IV 

TIME BASE 1 sec 

FUNCTION FREQUENCY 



f. Set 21 IB FREQUENCY (Hz) dial to 10 and 
adjust A2R23 for 100 kHz *1% ns indicated on fre- 
quency counter. 

g. Set FREQUENCY (Hz) dial to 1 and adjust 
A2R20 for 10 kHz *1% as indicated on frequency 
counter. 



h. Repeat steps (f) and (g) above if necessary^ 
until both requirements are met. 

i. Set FREQUENCY (Hz) dial to 1 and MULTI- 
PLIER switch to IM. Adjust cnpocltorA2C9 for 1 MHz 
* 1 % 08 indicated on frequency counter. 

j. Set FREQUENCY (Hz) diol to 10, Frequency 
should be 10 MHz *4%. If difficulty is encountered, 
check A2R31 (refer to table 5-3), 

k. Set frequency counter controls as follows; 



SIGNAL INPUT AC 

SENSITIVITY (VOLTS RMS) IV 

TIME BASE.. 0.1 Msec 



FUNCTION I period average 

1. Set 211B MULTIPLIER switch to 100 and 
FREQUENCY (Hz) dial to 10. 




Potentiometers A2R33, A2R34, and 

A2R35 are directly beneath the LINE 
switch (SI). Extreme care should be taken 
when adjusting these resistors to avoid 
I shock. 

m. Adjust A2R35 for 983 psec as indicated on 
frequency counter. 

n. Set 21 IB MULTIPLIER switch to 10 and ad- 
just A2R34 for 9830 Msec as indicated on frequency 
counter. 

0 . Set MULTIPLIER switch to 1 and adjust 
A2R33 for 98300 Msec as indicated on frequency 
counter. ► 

■ ' 

p. Set 211B FREQUENCY (Hz) dial to 1 and 
check the 1, 10, and 100 MULTIPLIER ranges. Time 
change should be less than *6%' on each range. 

5-22. SYNCHRONIZATION ADJUSTMENT. 

a. Measure voltoge at test point TP3 on board 
assembly A2 with digital voltmeter. Adjust A2R67 for 
indication of 0 volt dc. 



5-23. PULSE AMPLITUDE 600-OHM OUTPUT AD- 
JUSTMENT. 

a. Connect equipment as shown in figure 6-4. 

b. Set 21 IB MULTIPLIER switch to lOK, FRE- 

QUENCY (Hz) diol to 10, SYMMETRY control to 
60% duty cycle, and AMPLITUDE control (600-ohm) 
fully clockwise. Adjust A2R88 for greatest amplitude 
without distortion on fall time. ’ 
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Model 211B Performance Check Record 

PERFORMANCE CHECK RECORD 
MODEL 2118 



Serial Number : Date 



Paragraph 
' Reference 




Fleference Standard 


Check 


Required 


Actual 


6^ 


Symmetry Control Check 




J 




Duty Cycle Symmetry ► CW 


>76% 




i 


Duty Cycle Symmetry - CCW 


<25% 




6-9 


Synchronization Check 




1 




180® Phose shift • CW 


60% duty cycle 






180® Phase shift - CCW 


60)6 duty, cycle 




6-10 


600-ohm Output 


! 

1 






600-ohm output , 

Voltage - no load 


>60 V 




1 


600-ohm output 
Voltage • load 


>30 V 


1 


611 


f 

Rise time and Fall time 
600-ohm output 








Rise time (no toad) 


<140 ns 






Pali time (no load) 


<140 ns 






Rise time (load) 


<70 ns 






Fall time (load) 

) 


<70 ns 




6-12 


50-ohm Output Check 








Rise time (load) 


<6 ns 






Fall time (load) 


<6 ns 




6-13 

> 


Symmetry • 10 MHz 








' Symmetry Control • ccw 


Duty Cycle <30K> 






Symmetry Control • cw 


, Duty Cycle >70% 




6-14 


Trigger Output Check 


1 






Amplitude (■— ) pulse 


>2 volts 






, Pulse width — 60'K> amplitude 


10 ns 






Amplitude (*) pulse 


( >2 volts 




\ 


Pulse width —50'S) amplitude . 


10 ns Ref. 


/ 



I , S'Sa/l&Sb blank) 

, ■ , I ' 

I , . . . 

.1 .■■■■..- 

i ^ >_ ^ ^ I 1 




Model 2111 



Replaceable Parts 



SECTION Vi 

REPLACEABLE PARTS 



6>1. INTRODUCTION. 

6-2, This section contains information for orderinB 
replacement parts. Reference designators and abbre- 
viations are defined in table 6-1, and table 6-2 lists the 
parts in alphanumeric order by reference designation. 
Parts identifi/atiun photographs ore in Section VIII. 



6-3. ORDERING INFORMATION. 

6-4. To order a part listed in the replaceable parts 
table, quote the Hewlett-Packard part number, indi- 
cate the quantity required, and address the order to 
the nearest Hewlett-Packard office. 



6-5. To order a part that is not listed in the replace- 
able parts table, include the instrument model num- 
ber, instrument serial number, the description and 
function of the part, and the number of parts required. 
Address the order to the nearest Hewlett-Packard 
office. 



6-6. DIRECT MAIL ORDER SYSTEM. 

6-7. Within the USA, Hewlett-Packard can supply 
parts through a direct mail order system. Advantages 
of using the system are as follows; 

a. Direct ordering and shipment from the HP 
Parts Center in Mountain View, California, 

b. No maximum or minimum on any mail order 
(there is a minimum order amount for parts ordered 
through a local HP office when the orders require 
billing and invoicing). 

e. Prepaid transportation (there is n small handl- 
ing charge for eoch order). 

d. No invoices - to provide these advantages, a 
check or money order must accompany each order. 

6-8. Mail order forms and specific ordering informa- 
tion is available through your local HP office. Ad- 
dresses and phone numbers arc located at the back of 
this manual. 



Table 6-/, Reference Designators and Abbreviations 



iiritINCi DiSIONATORS 



A » atfsemUy 

AT « dUvnuiitor^ 

rriiitiUvc 
» motur^ fiJH 
C ft cu|X)ctU)r 

CP ft 

CR ft diode 

DL ft dehiy line 

DS ft device 



A ft '*nipere(f^) 

amjd ft Ui. olllierU) 

atjitiy ft 



1x1 

l)|i 

c 

car- 

ccw 

cer 

COttXh 

cod 

com 

comp 

conn 

CRT 

cw 



ft 1xxinl{tf) 
ft Inndixii-^ 






ft cenil no 
ft car Urn 
countercluckwit»e 
ft ceramic / 

ft ciKixlal , ' 

ft coefficient ; ' ^ 
ft common 
ft composition/ 
ft cunni»ctor(5) 
ft caUuxle-r;«y lube 
ft clockwlHi>' i 



,7 



E 


ft luUc- I'icctrunic (xirt 


M 


m motor 


tb 


r 


ft fimo 


MP 


ift mechanical part 


TP 


vu 


ft filter 


P 


ft plUK 


U 


n 


ft hardware 


PS 


iwwer supply 


V 


IC 


ft iuieitratcd circuit 


Q 


ft transistur 


VH 


.1 


ft jack 


u 


ft rcsixfor 


K 


ft relay 


HT 


a therhiistor 


W 


1. 


ft inifuctor 


S 


ft switch 


X 


LS 


ft hportke r 


T 


ft tnmsformer 


y 




AftlSEVtATIONS 


■ 1 


Go 


ft ^irnxmUim 
ft ifUiX IIQ®) 


mirwt 


' « miniature 


b-b 


li 


nmm- i 


momentary ) 


Se 


V 


* lllash 


mt^i , 


ft mi>untin|£ 


beet 


wni 


ft i;riHJintl(eii) 


my- 


ft mylar ; 


homicuni 

Si 


n 


ft henry(U's) 


II ' 


ft lumJ (lO*®) 


Ml 


Ifl? 


ft mercury* 


n/e 


ft normally dosed , 


Hi 


Iir 


ft 




ft neoli 


HP 


HP 


ft Hewlett- Paelmrd 




» nor n Willy opm 


Hpl 


kU 


* hertz 


n|x> 


ft nej?ailve |ftM»itivezoro 
(zert> temixmiture 


Ht 

Htd 


If. 


ft tniermi diute fri i| J j 




coefficient) 


Ta 




-ft imprepuUetl j ^ * 

ft lne;uulese»nt » 


nsr 


X not sepiirately 


ined 


, 


repUci'able 


td 


Incl 


■ Include (s) , 






TO 


ins 


ft Insulation (ed) 


l>Ul 


ft order by description 


t*tl 


Int 


ft internal ' 


•>x , 


ft axlde 


Tl 



tol 



ft lermlnal ixxird 
ft tchl |X)int 

ft mirrocIrcuUfnon-rcpairabte) 
ft vacuum tula^ neon kulb^ 
phot net t’te* 

ft voltiiite reipil^l‘>Fj (diode) 
ft cable 
ft socket 
ft crystal 



■ I 

k sloW-btoW 
ft belenlum 

ft hcclloo{^) 
ft bcmlcnmbctor(h) 
ft bllicon ^ 

ft sIlviT 
ft hllde 
ft single polo 

« hjH'Clid 

« single throw 
ft hlomlarti 

ft tantalum 
ft time delay 
ft tunnel diode(s) 
ft loi?|?le 
ft titanium 



d 


ftdecMlO’*) , ! 


k 


ft kilo (10 ) 


‘ P 


ftpIcoOO"*^) 


trim* 


ft trimmer 


dope 


ft deposited car^bon 






i pc, 


ft printed (etched) circuitfs) 




.ft 


dp 


ft double ^lo'/ 


lb 


ft ixxindfs) 


PCM 


ft program 


u 


ft micro (10 ) 


dt 


ft doublt^ throw . 


lev 


ft lever V 


piv 


ft peak inverse volUgc(s) 










Un 


ft linear taper 


!>/•> 


ft part of 


V 


ft voU(h) 


elect- 


ft electrolytic 


lo|{- 


ft logarithmic taper ’ 


poly 


ft polystyrene 


var 


ft variable 


encap 


ft encapsulated 


Ipf 


ft iow-ixi5S 1 liter (s) 


, pore 


ft porcelain ^ 






ext 


ft external 




•3 * 


pos 


ft position(s) 


W 


ft watt(s) 




/. v> / ./ 


m 


ftmilllOO^) 


/ iwt- 


ft potentiometer (s) 


w/ 


ft with 


F 


ft faradCs) ' 


M 


ft mega (10 ; V ' 


i pk-pk 


a pcak-to>pcak 


w/o 


ft without 


fet 


ft field-effect translstor(s) 


; motflm 


ft metal Him 


, reel 


ft rectifier(s) 


wVdc 


ft dc working vo! 


fxd 


ft fixed 


metox 


ft metal ^Ide 


rf 


ft radio frequency 


ww 


ft wl rewound 
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Replaceable Parts . , Model 21 IB 

Table 6-2, Replaceable Parts 



Ref 

Deslg 


HP Part No. 


TO 


Desalption 

' (RefeMo Table 6-M 


? ■ 

> 






CHASSIS 


Ct 


0180-0047 


1 


C; fxd elect. 500 uF 76 wVdc 


' C2 


0180-0214 


1 


C: fxd elect. 276 uF '“-tO%+60% 200 wVdc 


C3 


0160-0093 


7 


Cj fxd cer 0.01 U F -•-80%-20% 1 00 w Vdc 


DSt 


2140-0244 


1 


DStp/o SI neon 


El 


1200-0081 


4 


E;buthlng, transistor 


E2 , 


0340-0858 


2 


E: Insulator Q 


FI 


2110-0008 


1 


F: cart, s-b1/2A 126V 




2110-0018 


1 


Ft cart, s-b 1/4A (230V operation) , 


HI 


5040-0700 


2 


H: hinge 


H2 t 


0360-0042 




Htlug, solder 


J1 




1 


Consists of: 


JtMPl 


1251-4069 


3 


Contact: connector, ac power ' ' - 


J1MP2' 


1251-4070 


1 


Connector: housing, ac power 


J2 


1250-0083 


3 


J: conn BNC 


J3 


1260-0083 




J: conn BNC 


J4 


1260-0140 ’ 


1 


J: conn BNC ' 


J5 


1250-0083 




J: conn BNC 


MP1 . 


1200-0063 


20 


MP: clip, transistor Q3 and Q4 


MP2 


5000-8683 


1 


MP: cover, bottom 


MP3 


6000-8479 


2 


MP: cover, side, perforated 


MP4 


6060-8673 


1 


■1 , . , 

MP; cover top ' 


MP6 


01701-04109 


1 


MP: cover, transformer T1 


MP6 


3130-0038 


1 


MP: coupler, switch, .046 diam < 


MP7 


12080008 


2 


MP: dissipator, heat, Q3 and Q4 r 


MP8 V 


00211-64001 


1 


MP: knob assy 

J ■ . ^ ^ . ■ ■ 


' MP9 


03700077 


1 


MP: knob, bik w/arrow (Ampl 60-ohm) 


MPtO 


03700084 


2 


MP: knob, bIk w/arrow (Ampl 600-ohm; Vernier) 


MP11 


03700099 


1 


, MP: knob, round (Multiplier) 


MP12 ' 


03700134 


1 


MP: knob, red (Symmetry) 


MP13 


12080007 


2 


MP: nut, dissipator, heat, Q3 and Q4 


MP14 






Deleted 


MP16 


14900032 


1 


MP: stand, tilt 


MP16 


0021M0202 


1 


MP: panel, rear 


MP17 


50600703 


2 


MP: side casting 


MP18 


0021M0201 


1 


MP: panel, front 


MP19 


60600728 


2 


Foot assy: half module 


MP20 


695M125 


1 


Label: serial , 


MP21 


71201264 


1 


Identification plate 


MP22 


7124-2083 


1 


Label: warning 


MP23 


00211-00101 


1 


Deck: main 


MP24 


00211-01101 


2 


Heat sink 


Q1 


18500098 


2 


Q: ge pnp 


02 


18500098 


i 


Q; ge pnp 


03 


1854-0711 


2 


Q: si npn 


04 


1854-0711 




Q; si npn 
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Table 6~2, Replaceable Parts (ConPd) 



Ref 

Desig 1 


HP Part No. 


TQ 


Desafptton 

’ (Refer to Table 6-1.) 


R1 


1 

0767-0092 


1 


^ . 1 

CHASSIS (Cont'd) 

R: fxd metox 33 kllohms 2% 1/2W 


R2 


2100-0636 


1 


R: var 10 ktlohms 10% 2W 


R3 


2100-0619 


1 


R: var 2 X 1000 ohms 3% 


R4 


2100-0036 


1 


R: var 1000 ohms 20% 1/2W 


R5 


0683-2036 


1 


R: fxdcompj 20 kilohms 5% 1/4W 


R6 


2100-0076 


1 


R: var 2 X 1200 ohms 10% 


SI 


3101-1967 


1 


S: push. DPST 10.6A 250 vac 


S2 


3101-1234 


1 


S: slide, DPDT 


S3 




1 


S: p/o S5 


S4 


3101-0011 


,1 


S: slide, non-shorting, .5 A, 126V 

1 


S5 


3100-0607 


1 


S: rotary 


T1 


9100-0617 


1 


T: transformer, power 


W1 


8120-1378 


1 


W: cable assy, input power . 


W2 


00211-61608 


1 


W: cable assy, 1 16V/230V swltdt connections 


XF1 


1400-0084 


1 


XFt extractor, post-type 


A1 


00211-63401 


1 


A1 

A: attenuator assy 


AIRt 


0767-0172 


1 


R: fxd metfim 37.4 ohms 1% 1/2W 


A1R2 


0767-0301 


2 


Rt fxd metfim 160 ohms 1% 1/2W 


A1R3 


0767-0801 




R: fxd metfim 160 ohms 1% 1/2W 


A1R4 


0767-0069 


1 


Rt fxd metfim 121 ohms 1% 1/4W 


A1RB 


0767-0796 


2 


R: fxd metfim 76 ohms 1% 1/2W 


A1R6 


0767-0796 




R; fxd metfim 75 ohms 1% 1/2W 


AIR7 


0767-0071 


1 


R: fxd metfim 247.6 ohms 1% 1/4W 


AIRS 


0767-1006 


2 


R: fxd metfim 61 .11 ohms 1/4% 1/2W 


A1R9 


0767-1006 




R: fxd metfim 61.11 ohms 1/4% 1/2W 


A1S1 




1 


S: switch NSR part of A1 assembly 


A1W1 


00211-61606 


1 


W: cable assembly Input 


A1W2 


00211-61607 


1 


W: cable assembly output 


A2 


00211-66501 


1 


A2 

A: printed circuit board 


A2CI 


0180-0049 


3 


C: fxd alum 20 uF -10+76% 60 wVdc 


A2C2 


0180-0049 




C: fxd alum 20 uF -10+76% 60 wVdc 


A2C3 


0180-0291 


9 


CifxdTal uF10%36wVdc 


A2C4 


0150-0121 


1 


C: fxd cer 0.1 uF -20%+80% 60 wVdc 


A2C5 


0180-0049 




C: fxd alum 20 uF -10+76% 60 wVdc 


A2C6 


0150-0096 


1 


C: fxd cer 0.06 uF 20% 100 wVdc 


A2C7 


0180-0291 


1 


C: fxdTa 1 uF 10%35wVdc 


A2C8 


0140-0194 


■ 1 ' 


C: fxd mica 1 10 pF 6% 300 wVdc 


A2C9 


0121-0046 


1 


C: var cer 9-35 pF 


A2C10 


0140-0147 


1 


C: fxd mica 180 pF 5% 500 wVdc 


A2C11 


0180-2207 


1 


C:fxdTa100uF10% lOwVdc 


A2C12 


0180-0374 


1 


C: fxdTalOuF 10%20wVdc 


A2C13 


0180-0291 




C:fxdTaluF10%35wVdc 



I 



6-3 





Replaceable Parts 



Model 21 IB 




A2CR1 

A2CR2 

A2CR3 

A2CR4 

A2CR5 



HP Part No. 



A2C17 

A2C18 

A2C19 


A2 

A2 

A2 


C2 

C2 

C2 


!0 

!1 

12 


A2 


C2 


13 


A2 


C2 


!4 


A2 


C2 


!6 


A2 


C2 


16 


A2 


C2 


!7 


A2 


C2 


!8 


A2 


C2 


rg* 


A2 

AO 


CJ 


10 


Mat 

A2 

A2 


CJ 

C2 


> 1 
12 
13 


A2 


C2 


14 


1 A2 


C2 


15 


A2 


c: 


16 


' A2 


c: 


17 


A2 


c: 


18 



0160-0603 

0160-0504 

0140-0180 

0160-0093 

0160-0073 

0160-0071 

0160-0291 

0180-0291 

0180-0094 

0180-0094 

016^0093 

0180-0291 

0140-0201 

0160-2261 

0160-0093 

0140^0146 

0180-0291 

0180-0291 

0180-0291 

0160-0093 

0150-0093 

0180-0091 

0160-0079 

0150-0079 

0160-0093 

1901-0158 

1901-0158 

1901-0158 

1901-0168 

1901-0029 




Table S-2, Replaceable Parts (ConPri) 



Description 

' (Refer to Table 6-1.) 



A2 (Cont'd) 

NOTE; (*) Indicates selected value. 

C: fxd polycarb 0.22 uF 2% 100 wVdc 
C: fxd polycarb .022 uF 1% 100 wVdc 
C: fxd mica 2000 pF 2% 300 wVdc 
C: fxd cer 0,01 uF -20%+80% 1 00 wVdc 
C: fxd cer 100 pF 10% 1000 wVdc 

C: fxd cer 400 pF 6% 600 wVdc 
CrfxdTaluF 10%35wVdc 
C: fxdTa 1 uF 10%36wVdc 
C: fxd alum 100 uF -10+76% 25 wVdc 
C; fxd alum 100 uF -10+76% 26 wVde 

C: fxd cer 0.01 uF -20%+80% 100 wVdc 
C: fxdTal uF 10%35wVdc 
C: fxd mica 12 pF 6% 600 wVdc 
C:fxdcer16pF6% 600wVdc 
C: fxd cer 0.01 uF -20%+80% 100 wVdc 

C: fxd mica 22 pF 5% 600 wVdc 

C: fxdTaluF 10%35w(Vdc 

C: fxdTa 1 uF 10%35wVdc 

C: fxdTa l uF 10%36wVdc 

C: fxd cer 0.01 uF -20%+80% 100 wVdc 

. C: fxd cer 0.01 uF -20%+80% 100 wVdc 
C: fxd alum 10 uF -10%+60% 100 wVdc 
C: fxd cer 3300 pF 10% 600 wVdc 
C: fxd cer 3300 pF 10% 600 wVdc 
C; fxd cer 0,01 uF -20%+80% 100 wVdc 

CRtsI 

CRtsI 

CR:sl 

CRtsI 

CRtsI 




A2CR6 

A2CR7 

A2CR8 

A2CR9 

A2CR10 

'A2CR11 

A2CR12 

A2CR13 

A2CR14 

A2CR15 

A2CR16 

A2CR17 

A2CR18 

A2CR19 



1901-0029 

1901-0029 

1901-0029 

1901-0025 

1901-0025 

1901-0040 

1901-0040 

1910-0016 

1910-0016 

1910-0016 

191&0016 

1901-0040 

1901-0040 

1901-0040 



CRtsI 
CRtsI 
CRtsI 
CRt si 
CRtsI 

CRtsI 
CRtsI 
CRt ge 
CRt ge 
CRt ge 

CR; ge 
CRtsI 
CRtsI 
CRtsI 









Model 21 IB Replaceable Parts 

Table 6-2, Replaceable Paris (ConPd) 



Ref 

Desig 


HP Part No. 


TQ 


Description 
(Refer to Table 6-1.) 


A2CR20 


1901-0040 




) 1 - 

A2 (Cont'd) 

CR: si 


A2CR21 


1901-0050 


1 


CR:st 


A2L1 


9140-0111 


1 


Ltfxd rf 3.3 uH 


A2L2 


9170-0016 


7 


L; bead, ferrite 


A2L3 


9140^0096 


1 


LrfxdrfluH 


A2L4 


91700016 




L: bead, ferrite 


A2L5 


9170-0016 




L: bead, ferrite 


A2L6 


9170-0016 




L; bead, ferrite 


A2L7 


0170-0016 




Lc bead, ferrite 


A2L8 


9170-0016 




L: bead, ferrite 


A2L9 


9170-0016 




L: bead, ferrite 


A2QI 


1853-0 >29 


4 


Q: si pnp 


A2Q2 


1853-0029 




Q: si pnp 


A2Q3 


1853-0001 


2 


Q; si pnp 


A2Q4 ‘ 


1853-0029 




Q: si pnp 


A2Q6 


1854-0071 


3 


Q: si npn 


A2Q6 


1854-0019 


8 


Q: si npn 


A2Q7 


1853-0009 


5 


Q; si pnp 


A2Q8 


1854-0019 




Q; si npn 


A2Q9 


1853-0009 




Q; si pnp 


A2Q10 


1853-0029 




‘ Q: si pnp 


A2Q11 


1854-0071 




Q; si npn 


A2Q12 


1854-0019 




Q: si npn 


A2Qt3 


1854-0019 




Q: si npn 


A2Q14 


I 1854-0009 


2 


Q; si npn 2N709 > 


A2Q16 


1854-0009 




Q: si npn 2N709 


A2Q16 


1854-0005 


4 


Qtsi npn 2N708 


A2Q17 


1854-0005 




Q: si npn 2N708 


A2Q18 


1853-0009 




Q: si pnp 


A1Q19 


1854-0005 




Q:sinpn2N708 


A2Q20 


1854-0005 




Q; si npn 2N708 


A2Q21 


1854-0019 




Q: si npn 


A2Q22 


1854-0019 




Q: si npn 


A2Q23 


1853-0009 




Q: si pnp 


A2Q24 


1853-0009 




Q; si pnp 


A2Q26 


1854-0019 




Q: si npn 


A2Q26 


1853-0012 


1 


Q: si pnp 2N2904A 


A2Q27 


1854-0071 




Q: si npn 


A2028 


1853-0001 




Q: si pnp 


A2Q29 


1854-0267 


2 


Q; si npn | 


A2Q30 


1854-0267 




Q: si npn 


A2Q31 


1854-0019 




Q: si npn 


A2Q32 


1854-0091 


2 


Q: si npn 


A2Q33 


1854-0091 


1 


Q: si npn 


A2R1 


0768-0003 

i 


8 


R: fxd metfim 1000 ohms 5% 1/4W 





Replaceable Parts , Model 21 IB 

Table 6-2. Replaceable Parts (ConVd) 



Ref 

Desig 


HP Pert No. 


TQ 


Description 
(Refer to Table 6>1.) 








I ■■ ■ 

A2(Cont'd) 








NOTE: (*Mndlcates selected value. 


A2R2 


07670080 


3 


R: fxd metflm 4700 ohms 2% 1/4W 


A2R3 


07590003 




R: fxd metflm 1000 ohms 6% 1/4W 


A2R4 


0813-0050 


2 


R: fxd ww 100 ohms 6% 3W 


A2R5 


08130050 




R:fxdww100ohms6%3W 


A2R6 


07530004 


1 


R: fxd metflm 2700 ohms 5% 1/4W 


A2R7 


07530034 


2 


R: fxd metflm 2400 ohms 6% 1/4W 


A2R8 


21030520 


5 


R: var 260 ohms 20% lln 0.15W 


A2R9* 


07630042 


1 


R: fxd metflm 1300 ohms 5% 1/4W 


A2RtO 


0761-0005 


1 


R: fxd metox 2200 ohms 5% 1W 


A2R11 


0812-0012 


1 


R: fxd ww 18 ohms 5% 3W 


A2R12 


07630048 


1 


R: fxd metflm 8200 ohms 5% 1/4W 


A2R13 


07530008 


3 


R: fxd metflm 390 ohms 6% 1/4W 


A2R14 


07630028 


6 


R: fxd metflm 270 ohms 5%1/4W 


A2R15 


07630006 


3 


R: fxd metflm 10 kilohms 5% 1/4W 


A2R16 


0757-0080 




R: fxd metflm 4700 ohms 2% 1/4W 


A2R17 


21030520 




R: var 250 ohms 20% lln 0.15W 


A2Rt8* 


07630034 




R: fxd metflm 2400 onms 5% 1/4W 


A2R19* 


0767-0076 


3 


R;fxdflm660ohm2%1/4W 


A2R20 


21030520 




B: var 250ohms20%lin0.15W 


A2R21 


06831025 


2 


R: fxd carfim 1000 ohms 5% 1/4W 


A2R22 ■ 


07630018 


1 


1 

R: fxd metflm 15 kilohms' 5% 1/4W 


A2R23 


21030521 


5 


R: var comp 5000 ohms 20% lln 0.15W 


’ A2R24 


07670169 


2 


R: fxd metflm 1000 ohms 1% 1/2W 


A2R26 


0757-0159 




R: fxd metflm 1000 ohms 1% 1/2W 


A2R26 


07630028 




R: fxd metflm 270 ohms 6% 1/4W 


A2R27 


07630028 




R: fxd metflm 270 ohms 5% 1/4W , , 


A2R28 


07630028 




R: fxd metflm 270 ohms 6% 1/4W 


A2R29 


07630028 




R: fxd metflm 270 ohms 5% 1/4W J 


A2R30 


0768-0035 


3 


R: fxd metflm 3000 ohms 6% 1/4W 


A2R3r 


07630094 


1 


R: fxd metflm 62 ohms 6% 1/4W 

) 


A2R32* 


06831205 


1 


R: fxd comp 12 ohms 6% 1/4W 


A2R33 


21030521 




R: var comp 6000 ohms 20% lln 0.1 5W 


A2R34 


21030521 




R: var comp 6000 ohms 20% lln 0.1 5W 


A2R35 


21030521 




R: var comp 5000 ohms 20% lln 0.1 5W 


A2R36 


07630007 




R: fxd metflm 160 ohms 6% 1/4W 


’ A2R37 


07530044 




R: fxd metflm 2200 ohms 5% 1/4W 


A2R38 


0761-0057 


1 


R: fxd metox 660 ohm 6% 1W 


A2R39 


07530071 


1 


R: fx^ metflm 4300 ohms 5% 1/4W 


A2R40 


07630057 


1 


R: fxd metflm 5600 ohms 5% 1/4W 


A2R41* 


0757-0779 


1 


R: fxd metflm 150 kilohms 1% 1/4W 


A2R42 


07630008 




R: fxd metflm 390 ohms 5% 1/4W 


A2R43 


21030520 




R: var 250 ohms 20% lln 0.15W 


A2R44 


0767-0074 


1 


R: fxd metflm 430 ohms 2% 174W 


A2R45 


0757-0714 


1 


R: fxd metflm 130 ohms 1% 1/4W 


A2R46 


06935886 


1 


R; fxd metflm 27 ohms 5% 1/4W 










Model 2L1B , Replaceable Parte 

Table 6‘2, Heplaceable Parlv (ConVd) 



Ref 

Destg 


HP Part No. 


TQ 


Desalptlon 
(Refer to Table 6-1.) 


A2R47 


07B70712 


1 


A2(Cont'd) 

NOTEt (*) Indicates selected value. 
R: fxd metflm 90.9 ohms 1% 1/4W 


A2R48* 


0768-0035 


1 


R: fxd metflm 3000 ohms 6% 1/4W 


A2R49 


07670076 


) 


R:fxdflm660ohms2%1/4W 


A2R60 


0768-0007 


3 


R: fxd metflm 160 ohms 6% 1/4W 


A2R61 


0767-0080 




R:, fxd metflm 4700 ohms 2% 1/4W ' 


A2R52 


0767-0600 


3 


R: fxd metflm 30.1 ohms 1% 1/4W 


A2R53 


0757-0086 


2 


R: fxd metflm 61 ohms 2% 1/4W 


A2R64 


0767-0086 




R: fxd metflm 61 ohms 2% 1/4W 


A2R55 


07670731 


1 


R: fxd metflm 826 ohms 1% 1/4W 


A2R66 


0768-0006 




R; fxd metflm 10 kltohms 6% 1/4W 


A2R57 


2100-0621 




R; var comp 6000 ohms 20% lln 0.16W 


A2R58 


0768-0010 


1 


R: fxd metflm 3300 ohms 6% 1/4W 


A2R59 


0767-0766 


1 


R: fxd metflm 13 kilohms 1% 1/4W 


A2R60 


0768-0043 


2 


R: fxd metflm 1800 ohms 6% 1/4W 


A2R61 


0768-0046 


t 


R: fxd metflm 3800 ohms 5% 1/4W 


A2R62 


0698-6884 


2 


R: fxd metflm 22 ohms 6% 1/4W 


A2R63 


0767-0076 




R: fxdflmB60ohm$2%1/4W 


A2R64 


075&0003 




R: fxd metflm 1000 ohms 6% 1/4W ' 


A2R6b 


0683-2225 


1 


R: fxd carfim 2200 ohms 6% 1/4W 


A2R66 ' 


07680003 




R: fxd metflm 1000 ohms 6% 1/4W 


A2R67 


0767-0500 




R: fxd metflm 30.1 ohms 1% 1/4W 


A2R68 


0768-0003 




R: fxd metflm 1000 ohms 6% 1 '4W 


A2R69 


0767-0600 




R: fxd metflm 30.1 ohms 1% 1/4W 


A2R70 


07680024 


1 


R: fxd metflm 100 ohms 5% 1/4W 


A2R71 


07680035 




R; fxd metflm 3000 ohms 6% 1/4W 


A2R72 


07580008 




R: fxd metflm 390 ohms 6% 1/4W 


A2R73 


0758-0043 




R: fxd metflm 1800 ohms 6% 1/4W 


A2R74 


07580003 




R: fxd metflm 1000 ohms 6% 1/4W 


A2R75* 


07680066 


1 


R; fxd metflm 620 ohms 6% 1/4W > 


A2R76 


07680044 




R: fxd metflm 2200 ohms 6% 1/4W 


A2R77 


07680003 




R: fxd metflm 1000 ohms 6% 1/4W 


A2R78 


06881026 




R: fxd carfim 1000 ohms 6% 1/4W 


A2R79 


07680096 


1 


R: fxd metflm 1 10 ohms 6% 1/4W 


A2R80 


0767-0069 


1 


R: fxd metflm 121 ohms 1% 1/4W 


A2R81 


07680044 




R: fxd metflm 2200 ohms 5% 1/4W 


A2R82 


0761-0041 


2 


R: fxd metox 66 ohms 6% 1W 


A2R83 


0761-0041 




R: fxd metox 66 ohms 6% 1W 


A2R84* 


06986884 


1 


R: fxd fim 22 ohms 6% 1/4W 


A2R85 


0757-0198 


2 


R: fxd metflm 100 ohms 1% 1/2W 


A2R86 


0767-0198 




R: fxd metflm 100 ohms 1% 1/2W 


A2R87 


0767-0719 


1 


R: fxd metflm 221 ohms 1% 1/4W 


A2R88 


21080520 




R: var 250 ohms 20% lln 0.15W 


A2R89 


07580003 




R: fxd metflm 1000 ohms 6% 1/4W 


A2R90 


07580073 


1 


R: fxd metflm 24 kilohms 5% 1/4W 


A2R91 


07680006 




R: fxd metflm 10 kilohms 6% 1/4W 




Replaceable Parts Model 211B 

Tnhh ff‘2. Heplaceahk Ports (ConVd) 



Ref 

Desig 


HP Part No. 


TQ 


Description 
(Refer to Table 6-M 


A2R92 


0768-0031 


1 


A2 (Cont'd) 

R; fxd metfim 680 ohms 6% 1/4W 


A2R93 


0698-3397 


1 


Rs fxd metfim metfim 42.2 ohms 1% 1/2W 


A2R94 


0698-5890 


2 


Rs fxd metfim 39 ohms 6% 1/4W 


A2R95 


0698-6890 




R: fxd metfim 39 ohms 6% 1/4W 


A2R96 


0768-0007 




R: fxd metfim 160 ohms 6% 1/4W 


A2R97 


081M166 


1 


R: fxd ww 4300 ohms 3% 3W 


A2RT1 


0837-0602 


1 


RT. thermistor 130 ohms 20% 1/2W 


A2RT2 


0837-0601 


1 


RT: thermistor 60 ohms 20% 1W 


A2VR1 


1902-0048 


3 


CR: brkdwn 6.81V 5% 400 mW 


A2VR2 


1902-0048 




CR{ brkdwn 6.81 V 6% 400 mW 


A2VR3 


1902-3256 


2 


CR: brkdwn 23.7V 6% 400 mW 


A2VR4 


1902-3266 




CR: brkdwn 23.7V 6% 400 mW 


A2VR6 


1902-0074 


1 


CRr brkdwn 7.16V 6% 400 mW 


A2VR6 


1902-0048 




CR: brkdwn 6.81V 6% 400 mW 


A2VR7 


1002-0188 


‘ 1 


CR: brkdwn 4.12V 6% 400 mW 


A2VR8 


1902-3125 


1 


CR : brkdwn 6.98V 2% 400 mW 


A2VR9 


1902-3105 


1 


CR: brkdwn 5.62V 2% 400 mW 


A2VR10 

1 


1902-0173 


1 

1 


CR: brkdwn 9.63V 6% 400 mW 

1 

f 

i 

? 1 

) 



6-8 
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, 'Model, 2UB 



Mtmutil Chan^eH 



‘I I 



SECTION VII 

MANUAL CHANGES 



I I 



t I 



I 



7-1.1 INTRODUCTION. 



' ' 7-2. This' section contains information required to 
' 1 backdate this manual for a specific instrumedt. 

i !' ^ 'I; 

, ! 7-3. MANUAL CHANGES. , \ 

U ' ■ ' ^ '■ 

• 7 . 4 . This monual applies directly to instrumcnlshttv- 

I ' ing the same serial prefix shown on the manual 
’V \title page. If the serial prefix of your instrument is 
j' not the 'same as the one oni the title page,' find your 
Serial prefix in table 7*1 and make all changes to the 
/ manual that are listed for that serial prefix. Whpn 
; Vhiaking changes listed in table 7'1, make the change 
.with the highest number first. For exomple, if bock- 
doting changes 1,2, imd 3 are required for your serial 
jfirefix, do change 3 first, then change 2,^ and finally 
i change 1, If the scrinl prcfix of the instrument is not 
listed cither on the title pogc or in table |7-I, refer to 
' ' the enclosed MANUAL CHANGBS sheet for updating 
information. Also, if n MANUAL CHANGES sheet is 
ifupp|icd, niake nil indicated ERRATA corrections. 

* * ' Table 7>l. Manual Chanm's 



■ 1 1 \ ' 
.1 

1 '• ‘ 
1 " 

h 



Serial Prefix 


Make Changes , ^ 




0817A 1 .. 


4 thru I ' 




1210A \ ' ^ 


• 4 thru 2 '■ ■■ 


1 . 

1 


i'! ' 1218A 


", 4 and 3 


j' 1638A 


: ■■■ 4': \ 



'^11 



Ylv,' 'ly ■ CHANGE 1 
■Table 6-2, '' •' ' 1. i ■/ ^ 

MP2: Change to HP PUrt No. 6060-0717, MP: cover, 
’bottom. 



I 



'1 I 



A ' 






li' 



;iV 



■. r 

I 



MP3: Change to HP Part No. 6000-0367, MP: cover, 
side, perforated, ■' 

MP4: Change to HP Part No. 6060-0718, MP: cover, 
top, 

MP16: Change to HP Part No. 00211-00207, MP: 
panel, rear. 

Delete: MP18. 

CHANGE 2 

J . ' f 1 • 

Table 6-2, 

SI: Change to HP Part No. 3101-0100, S: push, 
SPDT6A, 126 V. ; , 

CHANGES 

! I 

Table 6-2, ' = ’ 

31: Change to HP Part No. ;3101-12-18, S: push, 
SPOT illuminatej. ' — 

W2: Change to HP Part No, 00211-6160.5, W: cable 
assy, 116 V/230 V switch connections. , 

Poge 8-6, figure 8-8, , 

SI: Delete left-hand contacts of switch. Show wire 
colors (98) and (9-18) connected together and de- 
signated (98). ■ 1 ‘ I : 

*1 \ . I . 

CHANGE 4 1 

Page 2-1, 

Delete: figure 2-1. , , 

Table 6-2, 

Jl: Change to HP Part No, 1261-0148, J: conn nc 
p»>wer. 

Wl: Change to HP Part N«». 8120-0078, W: cable 
assy, input power. 



' I I 

I M L 



'k -v' 



/'>' )l '.:i V( 

■I A'' ’ >' 

. ./vyv : 



'Vi 



7-1 







K'y,li!VV^ 


IS"''';?:' 


‘e V • ■■ ■ - 

/'ii ■ Service 








i‘7 


'J- ■ • 

J i • '«> ..*••• 


''W%‘ 1 


-'i- 

-'i'Vl'i-i 
' v';'. 1 •-.■U 


■ 0-'!' 
0.' ''.'’'UiV-- 


' f 'V’j ' ‘* 

i ' ' ■ *•' ' I 
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1 > J )Vi '» 
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Model 211B 



Table 8-h Schematic ATptes’, 



■ I • 1 , 



Refer to MIL-STp-lO-lA for schematic symbols not listed iii'this table. 



! ji. ■ i 



B Etched circuit board 
I B Front panel marking 

^ _ J “ marking 

O— B Front panel control 



tSf 

P/0 

cw 

N C 



Screwdriver adjustment 
Part at 



Clockwise eiid of vari- 
able resistor ' 




B No connection 



B Waveform test point 
(with number) 

B Common electrical point 
(with letter) not necessarily 
ground 

B Single pin connector on board 



B Pin of a plug-in board 
' (with letter or number) 



B Main signal path 

■ I 

B Primary feedback path 

B Secondary feedback path 

B Optimum value selected 
at factory, average 
value shown; part may 
have been omitted. 




$ 

Jr 



B Field effect transistor 
(N-channel) 

B Breakdown diode 
B Tunnel diode 
B Step recovery diode 



Circuits or components drawn 
with dashed lines (phantom) show 
function only and are not intended 
, to be complete. The circuit or 
compohent,is shewn in detail on 
another schematic. ’ 

Unless otherwise indicated: 
resistance' in ohms 
capapitance in picofarads 
' inductance in microhenries 

Wire colors are given by 
numbers in parentheses 
using the resistor color code 
[ (925) is wht-red-grn ], 

0 - Black 5 - Green 

1 - Brown 6,- BUs 

2 -Red 7 - Violet 

3 - Orange 8 - Cray 

4 -Yellow 9 -White 

Switch wafers are identified 
as follows; >, 



IF IR 3F SR 



2F ZR 






ZF ZR 





Model 2UB 

SECTION VIII 

SCHEMATICS AND TROUBLESHOOTING 



Service 

I 




8>1. INTRODUCTION. 

8*2. This Bcctlon contains schcmnticB. repair and 
replacement Information, component idcntincatlon 
Illustrations and troubleshooting tips. PlRUrcs 8-1 
through 8-4 provide a Kulde to locating common prob- 
lems. Table 8-1 defines symbols and conventions used 
on the schematics. 



6-3. COMPONENT IDENTIFICATION. 

8-4. [.ocations of components on etched circuit 
boards arc Illustrated in photographs adjacent to the 
schematics. Since the schematics arc drawn to show 
function, a particular circuit board assembly may be 
shown on several schematics. The component-identifi- 
cation photogiuph is located next to the schematic 
that shows most of the circuitry. Components located 
on the chassis are identified in Hgures 8-T> and 8-8. 



8-5. REPAIR AND REPLACEMENT. 

8-6. Most clectrica! 'romponents arc accessible rntm 
the component side of ti.e etched circuit board. Section 
VI provides u detailed parts list for use in onlerinK 
replacement parts. 

8 - 7 . The Model ’>1111 has the plntcd-throui'h type 
etchetl circuit .boards. When servicins this type of, 
bourtl, components may be removed, or replaced by 
unsolderintt from either side of the board. HI* Ser- 
vice Note M-2hl) contains additional information on 
the repair of etched circuit boards. 

8-8. TROUBLESHOOTING. 

8-9. 'i'hc most important prerequisite for successful 
troubleshooting is an understanding of how the instru- 
ment is designed to operate and correct usage of front- 
panel, controls. Often suspected mulfunctlohs rre 
caused by improper control settings. Operatiem 
Section HI which provides an explanation of controls 
and connectors and general operating considerations, 
and Principles of Operation Section IV which explains 
circuit theory are inti nded to satisfy this information 
ri>quirement. 



8-10. After ensuring that the malfunction is not the 
result of improper control settings, proceed ns follows: 

a. Visually inspect instrument for loose or broken 
wires, charred or discolored components and any other 
indications of physical damage. 

b. Use troubleshooting trees and waveform 
charts in conjunction with schematics to Isolate the 
malfunctioning component. 

8-11. Frequency Control Network. When the fre- 
quency control network foils to free-run, there are 
no waveforms to monitor, and the osciitoscopc cannot 
be userl as a troubleshooting instrument. The most 
effective method of troubleshooting the frequency con- 
trol network in this condition is to determine which of 
the two states the Schmitt trigger Is in and measure the 
dc voltages around the circuits. Table 8-2 lists the 
voltages of the frequency control circuits with the 
Schmitt trigger locked in one condition (either (}14 or 
QIG emitter opened). When an erroneous voltage is 
loeuted. basic troubleshooting procedures should be 
used to determine the exact cause. 

8-12. Dc Voltages. I)c voltages are indicated on some 
of the schematics for active components (transistors, 
etc). Control test «»nditions for making the voltage 
measurements are listed adjacent 'o each schematic. 
Since the conditioiis for making these measurements 
may differ from one circuit to another, always check 
the specillc conditions listed adjacent to tlie sche- 
matic. 

8-13. Waveforms and Test Points. Typical waveform 
measurement points ( ^ with a number enclosed) 
are placed on the schematics along main signal paths. 
The numbers inside the measurement point symbols 
( ^ ) are keyed to corresponrling waveforms adjacent 
to each schematic. T'cf ■, points are shown on the 
schematics with this symbol (TP @ ). Te.>(t points cor- 
respond to pins protruding fn>m the etched circuit 
lioord and do not necessarily correspond to waveform 
measurement {mints. 

8-14. Conditions for making the waveform measure- 
ments are listed adjacent to each schematic and like 
the dc voltage measurement conditions may vary 
slightly from one circuit to another. 
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REVERSE 
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Figure 8-4* SO Ohm8—60O Ohms Output Troubleshooting Tree 
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Figure 8-6, Chassis Component Identification - Bottom View 
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Figure 8-7. Attenuator Assembly Al Schematic 
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Figure 8-8. 
Power Supply Schematic 
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Table 8‘2, Voltages with Schmitt Trigger Locked in One State 



Transistor 



Emitter of 
Q14 opened 



Emitter . 

Base ~ 

Collector...... - 



Emitter -< 

Base 

Collector -< 



Emitter ................ “-19.2V 

Base .................. —IB.BV 

Collector -0.8V 



Emitter ......... 




Base ^ . . . . 


-r 


Collector 





Emitter....... -0.1V 

Base -0.8V 

Collector -1 1.BV 



Collector . 



Emitter of 
Q15 opened 



Collector . 



Emitter ....... 




Base ......... 


-4.0 V 


Collector 




Emitter 


-12.7V 


: Base ......... 




Collector ...... 


-3.1V 



Emitter 




Base 




Collector 




Emitter ...... 




Base i. „ ^ 


0 V 


Collector 




Emitter ...... 




Base 




Collector ..... 




Emitter ...... 




Base ........ 


-18.6V 


Collector 





Collector . 



Emitter . . 
: Base . . . , 
Collector , 



Emitter ......... 




Base ........... 




Collector ........ 




Emitter 




Base ........... 




Collector 


....... -20.0V 


Emitter 


-19.8V 


Base 


-10,2V 


Collector 


-0.2V 


Emitter ......... 




BasR ........... 




Collector ........ 


-0.7V 



E 
B 

Collector , 



Emitter . . 
Base . . . , 
Collector . 



Collector . 



Emitter . , 
Base .... 
Collector , 



Table 8-3, Frequency Control Measurement Conditions 



I 

1. Set the model 211Bcontroi$ as follows: 

J 

MULTIPLIER IK 

SYMMETRY Approx 60% 

FREQUENCY (Hz) 10 

AMPLITUDE (sw) .6 

VERNIER cw 

AMPLITUDE (dial) ' cw 

2. Voltages and waveforms may vary slightly from one Instrument to 
another. Unless otherwise Indicated, all voltages are dc, taken with a 
20,000 ohm-per-volt meter and measured to chassis ground. 
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Figure 8-9, Assembly A2 Component Identification 
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Fmure 8^12. Output Circuitry Schematic 



Table 8 ^. Output Circuitry Afegjgureme^t Conditions 

h Pet the model 21 IB controls as follows: 

MULTIPLIER IK 

SYMMETRY Approx 60% 

FREQUENCY (Hz) 10 

AMPLITUDE (sw) 5 

VERNIER cw 

AMPLITUDE (dial) c'v 

I 

2, Voltages and waveforms may vary slightly from one instrument 
to another. Unless otherwise indicated, all voltages are dc, taken 
with a 20,000 ohm-per-volt meter and measured to chassis ground. 





